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METHODS AND APPARATUS FOR PREPARING A FLUID SAMPLE ALIQUOT 
^^J* § 1. BACKGROUND OF THE INVENTION 



§ 1.1 FIELD OF THE INVENTION 



5 The present invention concerns automating 

laboratory procedures and, in particular, concerns methods 
and apparatus for preparing a fluid sample aliquot. The 
present invention also concerns a system for preparing and 
managing fluid sample aliquots using such methods and 
10 apparatus. 

§ 1.2 RELATED ART 

Laboratory procedures are often used to manage 
15 fluid samples. For example, in a laboratory process, a 
blood sample may be used for diagnostic purposes. 
Similarly, fluid samples may be used in combinatorial 
chemistry to create different chemical compounds. In this 
context, the term "aliquot" refers to a precisely measured 
20 quantity, such as a quantity of a fluid for example. The 
aliquot may be drawn from a larger fluid sample using a 
pipette. In the context of the present invention, a liquid 
sample should have a minimum amount (or, alternatively, a 
precise amount) needed to perform a particular test. Thus, 
25 the term "aliquot", as used herein, should be interpreted 
broadly. A pipette is a tube, typically glass or plastic, 
which is open at both ends and which is used to transfer 
small volumes of fluid. In the past, such procedures were 
performed manually. More recently, however, clinical 
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laboratories have become increasingly automated to reduce 
labor costs. 

Some known automatic pipetting systems may move a 
5 pipette up and down, and radially and/or laterally. Such 
automatic pipetting systems may use disposable plastic 
pipette tips to prepare an aliquot as follows. First, a 
plastic pipette tip is friction fit onto a nipple of the 
system, for example, via a pressing operation. Then, the 
10 pipette tip is located over a fluid sample source, such as 
a test tube for example. The pipette tip is then lowered 
into the fluid sample and an aliquot is drawn, using 
suction for example. The pipette tip is then raised and 
positioned over a destination container, such as another 
15 test tube or cuvette for example, into which the aliquot is 
dispensed. The pipette tip is then relocated and discarded 
(that is, removed from the nipple of the automatic 
pipetting system) . 

20 Unfortunately, this known system has some 

inefficiencies, both in its economy of motion and in the 
materials that it uses. Thus, an improved pipetting 
system, as well as improved components for use in such an 
improved system, are needed. 



25 



30 



Other known laboratory automation systems 
integrate stations and components from a single 
manufacturer. Unfortunately, this limits flexibility, both 
in the budget and configuration of the system. Thus, an 
automated laboratory should be able to use components and 
stations from a number of different vendors, thereby 
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permitting the best and/or most cost-effective components 
to be used. 

§ 2 . SUMMARY OF THE INVENTION 

5 

The present invention discloses a sample aliquot 
pipette tip (also referred to as a "SAT") which includes a 
pipette tip and a sample aliquot cup. The pipette tip is 
used for drawing a fluid sample from a source. The pipette 
10 tip is formed to be collapsible and may be plastic, for 
example. The sample aliquot cup is arranged above the 
pipette tip and is fluidly coupled with the pipette tip. 
The size of the sample aliquot cup is designed to hold the 
desired aliquot volume. 

15 

The present invention also discloses a tip 
aliquot support (also referred to as a "TAS" ) . The TAS may 
include a channel for accepting a collapsed pipette tip of 
a SAT, a support for accommodating a sample aliquot cup of 

20 a SAT and a constricted passage arranged between the 

support and the channel. As a SAT is inserted into a TAS, 
the constricted passage of the TAS collapses the pipette 
tip of the SAT. The collapsed pipette tip of the SAT is 
then received by the channel of the TAS. When the SAT is 

25 fully inserted into the TAS, the support of the TAS 
accommodates the sample aliquot cup of the SAT. 

The present invention also discloses a method for 
using the SAT and TAS. The method may include steps of 
30 inserting a SAT having a fluid sample in its pipette tip 
into a TAS. During such an insertion, the constricted 
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passage of the TAS will force the fluid sample in the 
pipette tip of the SAT upward, until it is contained in the 
sample aliquot cup of the SAT. 

5 The present invention also discloses an automated 

aliquot preparation system which uses the SAT-TAS 
combination for pipetting, labeling, and transporting fluid 
samples. The automated aliquot preparation system may 
include a conveyer for transporting a liquid sample source, 

10 a bar code reader for scanning a bar code of the liquid 

sample source, a gate for selectively diverting the liquid 
sample source based on its bar code, a printer for 
duplicating the bar code onto a sample aliquot cup portion 
of a SAT, and an automated pipetting system for positioning 

15 the pipette tip of the SAT within the fluid sample source, 
for drawing a sample from the fluid sample source into the 
pipette tip of the SAT, and for inserting the SAT into an 
empty TAS. One or more TASes may be held in a rack. 

20 § 3. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side-plan perspective view of a 
sample aliquot pipette tip (or U SAT") . 

25 Figure 2 is a side-plan perspective view of a tip 

aliquot support (or "TAS"). 

Figure 3 is a plan view of the TAS of Figure 2. 

30 Figure 4a is a side-plan perspective view of a 

TAS being inserted into a TAS holder. Figure 4b is a 
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side-plan perspective view of a plurality of TASes 
accommodated in an alternative TAS holder. 

Figures 5a through 5c illustrate the way a fluid 
5 sample is forced from a pipette tip of a SAT to a sample 
aliquot cup of the SAT as the SAT is inserted into a TAS. 

Figure 6 illustrates an automated system which 
may use the SAT and TAS. 

10 



test tube. 

Figure 8A is a side-plan perspective view, and 
15 Figure 8B is a side view, of a cap which, when combined 
with the test tube of Figure 7, forms an alternative TAS. 



§ 4. DETAILED DESCRIPTION 

In the following, SAT-TAS combinations will first 
be described in § 4.1. Then, an automated aliquot 
25 preparation system, which uses the SAT-TAS combination, 
will be described in § 4.2. 



Figure 7 is a side-plan perspective view of a 



Figure 9 is a perspective view of the SAT used 



with the alternative TAS. 



20 



§ 4.1 



SAT-TAS COMBINATION 



30 



This section describes SAT-TAS combinations. 



First, functions which may be performed by a SAT-TAS 
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combination are introduced in § 4.1.1 below. Then, 
exemplary structures of a SAT and of a TAS are described in 
§ 4.1.2 below. Finally, an operation of an exemplary 
SAT-TAS combination is described in § 4.1.3 below. 

5 

§ 4.1.1 FUNCTIONS OF A SAT-TAS COMBINATION 

Basically, the SAT-TAS combination functions to 
prepare an aliquot of a sample liquid. The SAT functions 
10 to interface with an automated pipetting system. Together 
with the automated pipetting system, the SAT also functions 
O to draw a fluid sample from a fluid sample source. The TAS 

JG functions to force the fluid sample from a pipette tip of 

Jrj the SAT into a sample aliquot cup of the SAT. Thus, the 

□ 15 SAT also functions as a sample cup when inserted into a 
% TAS. The TAS also functions to hold a SAT inserted 

^ therein. 

J y § 4.1.2 EXEMPLARLY STRUCTURES OF A SAT AND TAS 

a 20 

Figure 1 is a side-plan perspective view of a 
sample aliquot pipette tip (or "SAT") 100. The SAT 100 
includes a pipette tip section 110 and a sample aliquot cup 
section 120. The pipette tip 110 is used for drawing, 
25 through an open end 112 at its tip, a liquid sample from a 
source. In one embodiment, the pipette tip 110 may be 
approximately 10 to 11 cm long and may have a volume of 
approximately 3 ml. The pipette tip 110 is formed to be 
flexible and collapsible. For example, the pipette tip 110 
30 may be a plastic, such as polyvinyl chloride (or "PVC") or 
^ ' /polypropelyne . The walls forming the pipette tip 110 are 
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designed such that they do not crack when squeezed together 
and such that they can form a liquid seal when squeezed 
together. The sample aliquot cup 120 is arranged above, 
and is fluidly coupled with, the pipette tip 110. The 
5 sample aliquot cup 12 0 includes an open end 122 which may 
be engaged, for example via a friction fit or via suction, 
by pipetting means. Thus, the open end 122 may be 
dimensioned to mate with an automated pipetting system. 
The size of the sample aliquot cup 120 may be selected to 
10 hold the desired aliquot volume. In one embodiment, the 
sample aliquot cup 12 0 is approximately 3 to 4 cm long and 
□ has a diameter of approximately 12 to 13 mm. 

if Figure 2 is a side-plan perspective view of a tip 

O 15 aliquot support (or "TAS" ) 200. The TAS 200 may include a 
% channel or cavity 23 0 for accepting a collapsed pipette tip 

=|ess 

110 of a SAT 100, a support 210 for accommodating a sample 
5 aliquot cup 120 of a SAT 100, or at least a bottom portion 

li of a sample aliquot cup of a SAT 100, and a constricted 

yQ 20 passage 220 arranged between and connecting the support 210 
and the channel 230. Notice that the support 210 has a 
funnel shape. In an alternative embodiment, the support 
210 may be tapered in general. In any event, the shape of 
the support should match at least the bottom portion of the 
25 sample cup 120 of the SAT 100. Figure 3 is a plan view of 
the TAS 200 of Figure 2 which illustrates an exemplary 
constricted passage 220. In this example, the constricted 
passage is a rectangular slot. Naturally, the 
cross-section of the constricted passage 220 may have other 
30 shapes, such as racetrack, elliptical, circular, square, 

etc. However, the constricted passage 220 should be shaped 
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and dimensioned such that, when the pipette tip 110 of a 
mating SAT 100 is inserted through it, the pipette tip 110 
is completely collapsed against itself such that any and 
all liquid in the pipette tip 110 is forced upward, above 
5 the constricted passage 220, by the constricted passage 
220. 

Figure 4a is a side-plan perspective view of a 
TAS 200 being inserted into a first exemplary TAS holder 
10 402 which is already holding four (4) other TASes 200. 

Notice that this TAS holder 4 02 can accommodate up to five 
Ef (5) TASes 200. Notice also that, when inserted, the top of 

.r a TAS 200 is substantially flush with a top surface 412 of 

pa 

% the TAS holder 402. 

£ 15 

p Figure 4b is a side-plan perspective view of an 

!L alternative TAS holder 4 04, such as a five-position 

personality rack from Hitachi, Ltd. of Tokyo, Japan, for 
example, which accommodates five (5) TASes 2 00. In this 
£• 20 alternative TAS holder 404, when inserted, a top portion 

23 0 of a TAS 20 0 extends beyond the top surface 414 of the 
TAS holder 404. Basically TASes 200 can be inserted into 
any "personality rack", such as a five-position personality 
rack from Hitachi, Ltd. of Tokyo, Japan, a ten-position 
25 personality rack from Olympus Optical Co., Ltd. of Tokyo, 
Japan, or a DPC immunoassay rack. 

Figures 7 and 8A are perspective views of a test 
tube 700 and a cap 800, respectively, which together can be 
30 used to form an alternative TAS. More specifically, the 

test tube 700 of Figure 7 has a height of H TT and a diameter 
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of D TT . The height H TT of the test tube 700 may be 75 mm, or 
approximately 75 mm, for example. The diameter D TT of the 
test tube 700 may be 12 to 13 mm, or approximately 12 to 13 
mm, for example. The cap 8 00 shown in Figures 8A and 8B 
5 has a cylindrical inner wall 840 which fits snuggly on the 
outside surface of the test tube 700. Preferably, the 
inner wall 840 of the cap 800 and the outside surface of 
the test tube 700 form a fluid-tight seal. The cap 800 
includes a funnel-shaped, or concave, top surface 810. A 
10 slot 820 is defined through the top surface 810 of the cap 
800. The cap 800 may also have a tab 830 to facilitate its 
□ removal from a test tube 700. Although the exemplary cap 

% 8oo depicted in Figure 8 is dimensioned to fit onto the 

2 standard test tube 700 depicted in Figure 7, tubes and caps 

O 15 having other, matching, cross-sections, such as elliptical, 
]£ octagonal, etc., may be used. 

% Having described exemplary SATs and TASes, as 

J well as exemplary TAS holders, a method for preparing a 

S 20 sample aliquot using a SAT and a TAS is now described in 
§ 4.1.3 below. 



§ 4.1.3 OPERATION OF AN EXEMPLARY SAT -TAS 
COMBINATION 

25 

Figures 5a through 5c illustrate the way a fluid 
sample 510 is forced from a pipette tip 110 of a SAT 100 to 
a sample aliquot cup 12 0 of the SAT 100 as the SAT 100 is 
inserted into a TAS 200. As can be appreciated, an 
30 automated pipetting system may have been used, along with 
the SAT 100, to draw a fluid sample from a fluid sample 
source, such as a test tube for example. More 
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specifically, the open end 122 of the aliquot cup 120 may 
have been fitted onto a mated fitting of an automated 
pipetting system. The automated pipetting system may have 
then positioned the pipette tip 110 of the SAT 100 such 

5 that the open end 112 of the pipette tip 110 was immersed 
in the sample fluid. The automated pipetting system may 
have then provided a vacuum to the open end 122 of the 
aliquot cup 12 0 of the SAT to draw a fluid sample into the 
pipette area 110. It is possible that some of the fluid 

10 sample may be held in the aliquot cup 120 of the SAT 100 at 
this time. However, it is expected that in most cases, the 
fluid sample will be held, exclusively, in the pipette tip 
110 of the SAT 100 at this time. For example, referring to 
Figure 5a, the fluid sample 510 is held, exclusively, in 

15 the pipette tip 110 section of the SAT. 

Referring to Figure 5b, as the SAT 100 is 
inserted into a TAS 200, the constricted passage 220 of the 
TAS 200 collapses the pipette tip 110 of the SAT 100. In 

20 this Figure, the portion of the pipette tip 110 which has 
been collapsed by the constricted passage 220 (that is, the 
portion of the pipette tip 110 below the constricted 
passage 220 of the TAS 200) is referred to as 110b, while 
the portion of the pipette tip 110 which has not yet been 

25 collapsed by the constricted passage 220 (that is, the 
portion of the pipette tip 110 above the constricted 
passage 220 of the TAS 200) is referred to as 110a. The 
collapsed portion of the pipette tip 110b of the SAT 100 is 
received by the channel 230 of the TAS 200. Notice that 

30 the fluid sample 510' remains in the portion of the SAT 100 
above the constricted passage 220 of the TAS 200. Recall 
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that the support 210 of the TAS 200 may be tapered in 
general or funnel shaped in particular. This taper should 
extend to the constricted passage 22 0 such that, as the SAT 
100 is inserted into the TAS 200, the pipette 110 is 
5 guided, by the walls of the support 210, to the constricted 
passage 220. 

As shown in Figure 5c, when the SAT 100 is fully 
inserted into the TAS 2 00, the support 23 0 of the TAS 2 00 

10 accommodates a bottom portion of the sample aliquot cup 120 
of the SAT 100. Notice also that the fluid sample 510'' 
remains in the portion of the SAT 100 above the constricted 
passage 220 of the TAS 200. In this example, the fluid 
sample 510'' is held, exclusively, in the sample aliquot 

15 cup 120 section of the SAT 100. Notice also that the 

channel 230 of the TAS 200 is longer than the pipette tip 
110 of the SAT 100. In an alternative embodiment, the 
channel 230 of the TAS 200 may be about the same length as 
the pipette tip 110 of the SAT 100. 

20 

Figure 9 is a perspective view of the SAT 100 
used with an alternative TAS defined by the tube 700 and 
cap 800. The height H TAS of the TAS is slightly greater 
than the height H TT of the test tube 700 due to the 

25 thickness of the top surface 810 of the cap 800. Thus, the 
height H TAS may be approximately 75 mm, or slightly greater. 
The height H SA c is the distance between the top of the 
alternative TAS and the top of the SAT 100 when the SAT 100 
is fully inserted into the alternative TAS. This height 

30 H SAC may be 25 mm, or approximately 25 mm, for example. As 
shown, the sample aliquot cup 120 of the SAT 100 is held by 
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the top surface 810 of the cap 800 and the collapsed 
pipette 110 is accommodated within the test tube 700. The 
total height of the SAT 100 fully inserted into the 
alternative SAT is H TOT al which may be 100 mm, or 
5 approximately 100 mm, for example. 

Although not shown in these Figures, the TAS 2 00 
may be held in a TAS holder 402/404 while the SAT is being 
inserted. 

10 

Having described exemplary structures of the SAT 
and the TAS, as well as methods for using the SAT and the 
TAS, an automated aliquot preparation system is now 
described in § 4 . 2 below. 

15 

§ 4.2 AUTOMATED ALIQUOT PREPARATION SYSTEM 

This section describes an automated aliquot 
preparation system. First, functions which may be 

20 performed by an automated aliquot preparation system are 
introduced in § 4.2.1 below. Then, the structure of an 
exemplary automated aliquot preparation system is described 
in § 4.2.2 below. Finally, an operation of an exemplary 
automated aliquot preparation system is described in 

25 § 4.2.3 below. 

§ 4.2.1 FUNCTIONS OF AN AUTOMATED ALIQUOT 
PREPARATION SYSTEM 

30 The basic function of an automated aliquot 

preparation system is to prepare an aliquot of sample fluid 
from a sample fluid source. The system of the present 
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invention uses both the SAT 100 and the TAS 200 for that 
purpose. An automated aliquot preparation system may also 
use the SAT 100 and the TAS 200 for pipetting, labeling and 
transporting liquid samples. The transportation of the 
liquid samples may rely on some means for identifying 
particular fluid samples. 

Having described functions which may be performed 
by an automated aliquot preparation system, an exemplary 
system which may be used to perform one or more of these 
functions is described in § 4 . 2 . 2 below. 

§ 4 2 2 EXEMPLARY STRUCTURES OF AN AUTOMATED 
ALIQUOT PREPARATION SYSTEM 

Figure 6 illustrates an automated aliquot 
preparation system 600 which may use the SAT 100 and the 
TAS 200 described in § 4 . 1 above to perform one or more of 
the functions described in § 4 . 2 . 1 above. The automated 
aliquot preparation system 600 may include a system of one 
or more conveyers 610/618, an identification reader 612, a 
gate 614, a printer 640, and an automated pipetting system 
630 One or more SATs 100 may be held in a rack 620. 
Similarly, one or more TASes 200 may be held in a rack 404. 

The system of one or more conveyers may include a 
primary conveyer 610 and a secondary conveyer 618. The 
conveyers (also referred to as "sample transport lanes") 
may be those from Labotix, Inc. for example. The 
identification reader 612 may be a bar code reader, for 
example, and may be positioned adjacent to the primary 
conveyer 610 upstream of the secondary conveyer 618. The 
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diverter gate 614 may be positioned at the upstream 
junction of the primary 610 and secondary 618 conveyers. 
The stop gate 616 may be provided on the secondary conveyer 
618 so that a liquid sample source held by the stop gate 
5 616 may be accessed by a pipette tip 110 of a SAT 100 held 
in the automated pipetting system 630. The automated 
pipetting system 63 0 will know where to expect the liquid 
sample source. 



10 The automated pipetting 63 0 may be arranged such 

that its head fitting 63 8 may be positioned above the 
secondary conveyer 618, SATs 100 held in holder 62 0, and 
TASes 200 held in holder 404. The automated pipetter may 
be product number OLA6000 from Olympus Optical Co., Ltd. of 

15 Tokyo, Japan for example. The head fitting 638 may be a 
nipple which mates with the inside surface of the sample 
aliquot cup 120 of a SAT 100. Alternatively, the head 
fitting 638 may be any fitting which mates with the SAT 100 
such that the SAT 100 is held to the head fitting 638 and 

20 such that a vacuum can be applied to the SAT 100. 

The printer 640 may be positioned such that it 
can come into printing contact with an aliquot cup 120 of a 
SAT 100 held by the automated pipetter 630. The printer 
25 640 may be a thermal printer, a laser printer, or an ink 
jet printer for example. 

Having described the components of the automated 

aliquot preparation system 600 and their arrangement, an 

30 example of an operation of the automated system 600 is 
provided in § 4.2.3 below. 
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§ 4.2.3 



OPERATION OF AN EXEMPLARY AUTOMATED 
PIPETTING SYSTEM 



5 



The fluid sample sources may be test tubes for 



example. Carriers may be used to accommodate one or more 
fluid sample sources. A carrier accommodating a single 
fluid sample source may be referred to as a "puck-type 
carrier", while a carrier accommodating multiple fluid 

10 sample sources may be referred to as a "rack-type carrier". 
It is believed that using puck-type carriers, exclusively, 
will afford the greatest flexibility to the system 600. 
Typically, the fluid sample sources will be provided with 
some means of identification. Such means of identification 

15 will preferably be machine - readable , such as a bar code 
label for example. As the carrier carries a fluid sample 
source down the primary conveyer 610, a reader 612, such as 
a bar code reader for example, reads the means for 
identifying. The identification read by the reader 612 is 

20 interpreted by a controller (not shown) , such as a computer 
for example, which controls the gate 614 based on the read 
means for identifying. More specifically, if an aliquot is 
to be drawn from the fluid sample source, the controller 
controls the gate 614 to divert the carrier carrying the 

25 fluid sample source to the secondary conveyer 618. The 

controller may compare the read identification with a list 
of identifications assigned to the automated pipetting 
system 630 station. 

30 On the secondary conveyer 618, the carrier is 

stopped by the stop gate 616. Alternatively, or in 
addition, the secondary conveyer 618 may stop once the 



- 15- 



# 

carrier is properly positioned with respect to the 
automated pipetting system 63 0. Such positioning may be 
effected in a number of other known ways. Thus, in one 
embodiment of the system 600, the secondary conveyer 618 
5 may be controlled independently of primary conveyer 610. 

At this point, the head fitting 638 of the 
automated pipetting system 630 may have already been fitted 
with a SAT 100. A base 620 may hold one or more SATs 100. 
10 The head fitting 638 of the automated pipetting system 630 
may be moved vertically, as shown by arrows 632, with 
5 respect to the secondary conveyer 618, laterally, as shown 

I by arrows 636, with respect to the secondary conveyer 618, 

S and/or radially, as shown by arrows 634, with respect to 

O 15 shaft 637. Although not shown, the head fitting 638 of the 
4= automated pipetting system 630 may also be moved 

L. longitudinally with respect to the secondary conveyer 618. 

In any event, the pipette tip 110 of the SAT 100 
^ 20 held by the automated pipetting system 630 is positioned 
over the fluid sample source and lowered into the fluid 
sample. A sample is then drawn, via the opening 112 at the 
end of the pipette tip 110, into the SAT 100. The SAT 100 
is then raised from the fluid sample source and positioned 
25 above an empty TAS 200, such as a TAS 200 held in rack 404. 
The automated pipetting system 630 then lowers the SAT 100 
into the TAS 200. As described in section 4.1.3 above with 
reference to Figures 5a through 5c, as the SAT 100 is 
inserted into the TAS 200, the pipette tip 110 is collapsed 
30 by the constricted passage 220, thereby forcing the fluid 
sample upward into the sample aliquot cup 12 0 of the SAT 
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100. The automated pipetting system 630 then releases the 
SAT 100. 

At some point, the printer 64 0 prints another 
means for identification, such as a bar code for example, 
onto the SAT 100. In one embodiment, the printer 640 
prints the same bar code as the one provided on the fluid 
sample source, onto the sample aliquot cup 12 0 of the SAT 
100. This printing may be done (a) before the SAT 100 is 
fit onto the head fitting 638 of the automated pipetting 
system 630, (b) after the SAT 100 is fit onto the head 
fitting 638 of the automated pipetting system 630 but 
before the fluid sample is drawn, (c) after the fluid 
sample is drawn but before the SAT 100 is inserted into the 
TAS 200, or (d) after the SAT 100 is inserted into the TAS 
200. In one alternative embodiment, the bar code of the 
fluid sample source may be re-scanned at the stop gate 616 
and the printer 64 0 can duplicate the bar code onto the SAT 
100 . 



Once fluid is drawn from the fluid sample source, 
the stop gate 616 may open and/or the secondary conveyer 
618 may restart such that the fluid sample source will 
return to the primary conveyer 610. In this way, any fluid 

25 remaining may be used by downstream testing stations (e.g., 
an immunoassay analyzer) . As can be appreciated, such a 
dual lane (that is, primary and secondary) conveyance 
system is useful since puck-carriers can be diverted into 
the local (that is, secondary) lane for each station while 

30 the by-pass (that is, primary) lane conveys samples to 
other destinations. In this way, various types of fluid 
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sample sources (e.g., purple, blue, and green top tubes, 
and urine samples) can be routed on the same conveyer to 
the appropriate instrument stations. 

5 § 4.3 CONCLUSIONS 

Thus, the present invention provides a system 600 
for preparing aliquots of sample fluids which is more 
efficient, both in the economy of motion and in the 
10 materials used, than known systems. 



- 18- 



